and immunological characteristics (Stone, 1962) . Other work has demonstrated that cells cultured in the presence of relatively large amounts of exogenous DNA can be stabilized against certain changes which occur in control, untreated cultures: cell cultures derived from the hypothalamic area of the Chinese hamster originally, exhibit high monoamine oxidase (MAO) activities which decrease over one to 3 months of continuous culture to near zero levels. However, parallel cultures kept in the presence of 50-100 ,ug/ml of salmon-sperm DNA retain, or even increase, their original high levels of MAO activities for periods of up to 18 months.
PREVIOUS studies in our laboratory have shown that cells cultured for several divisions in the presence of cell-free debris from similar cells (produced by sonication) can be altered in both cytogenetic (Stone and Kang, 1963 Kang, , 1964 and immunological characteristics (Stone, 1962) . Other work has demonstrated that cells cultured in the presence of relatively large amounts of exogenous DNA can be stabilized against certain changes which occur in control, untreated cultures: cell cultures derived from the hypothalamic area of the Chinese hamster originally, exhibit high monoamine oxidase (MAO) activities which decrease over one to 3 months of continuous culture to near zero levels. However, parallel cultures kept in the presence of 50-100 ,ug/ml of salmon-sperm DNA retain, or even increase, their original high levels of MAO activities for periods of up to 18 months.
Similarly, male Chinese hamster cells in culture over a period of 6 months may gradually lose the characteristic morphological features of the X and particularly the Y chromosome, so that identification of the Y chromosome can now be made in less than 5 % of the cells. In contrast, in parallel cultures grown in the presence of intact DNA both the X and Y chromosome morphologies are retained, and both can be readily identified in over 90 % of the cells after 12 Sonicates were prepared at 2-4 week intervals and aliquots frozen off to be added when the culture medium was changed. Both of the cell cultures continuously treated with sonicates grew at approximately half the rate of the untreated culture. The DNA-treated cells were always cultured in medium containing 50-100 utg/ml of intact salmon-sperm or calf-thymus DNA (obtained from Calbiochem, Los Angeles, California). Variations between 50 and 100 ,tg/ml of exogenous DNA were made so as to keep the growth rates no less than one-third that of the untreated cells. Within a week or two the salmon-sperm DNAsupplemented cultures contained many large cells.
First experiment
After 2 months of treatment the cells in the different cultures were studied for oncogenicity and cytogenetics.
Oncogenicity.
-The cell cultures were tested for their abilities to produce cancers in male, Fisher strain rats 3 months of age. without producing tumours, whereas groups of 2 control rats, of similar ages, were injected once with the same cells on 2 of these occasions and all 4 of them have produced mammary carcinomata. The control rat which failed to exhibit a tumour on the first injection, did produce a mammary carcinoma after a second injection of 5 x 106 untreated, cancer cells. Thus, out of 16 control rats injected with the untreated cancer cells 15 produced mammary carcinomata after a single injection, and the 16th animal after a second injection. In marked contrast, the 4 rats which first received the cells treated with salmon-sperm DNA or sonicates of mammary carcinoma cells repeatedly rejected injections ofthe active, cancer cells.
Second experiment
When the untreated cells had been in culture for approximately 11 months and the treated cells for 3 months, the salmon-sperm DNA-treated cells were now also cultured in the absence of exogenous DNA (DNA-free culture): the growth rate of these cells increased over a period of 2-3 weeks to near that of the untreated cultures.
Oncogenicity. After 4 months of additional culture, the 2 continuously treated cultures which had previously exhibited a lack of oncogenic capacity, the DNAfree culture and the untreated culture were again tested for their abilities to produce mammary carcinomata: 5 x 106 cells were injected into groups of four 1-month-old, male, Fisher strain rats. As seen in Table II all 4 rats receiving the untreated cells produced mammary carcinomata, while 3 of the 4 rats which were injected with cells cultured in the presence of mammary carcinoma cell sonicate now also produced carcinomata. The greater lag periods shown by these treated, as compared to the untreated, cells suggest that their antigenic nature is still different from the untreated, cultured cells (Fig. 1) . This is seen more clearly with the DNA-free cultures which, while producing histologically identifiable mammary carcinomata, exhibited lag periods significantly longer than even the cells treated with sonicate. The cells cultivated continuously in salmon-sperm DNA showed the longest lag periods and eventually produced relatively small, slow-growing, hard tumours at the sites of injection in all 4 rats which were identified histologically as granulomata.
Obviously, these results did not correspond to the initial work where the cells continuously treated with salmon-sperm DNA and mammary cancer cell debris did not result in growths of any sort. Whether these differences are due to younger animals being employed in the second experiment, or to the fact that the continuously treated cells were further changed by the additional 4 months of culture, cannot be estimated at this time. However, in the second experiment, of the 8 rats injected with the continuously treated cells (i.e. 4 with sonicate-treated and 4 with DNA-treated cells) only 3 animals produced mammary carcinomata.
Testing for rejection of untreated, active mammary carcinoma cells. Efforts were made to determine whether the 5 survivors of the 8 rats which had received the continuously treated cells would now reject active, mammary cancer cells. 5 x 106 cells from the untreated cultures were injected into each of the 5 survivors (4 with granulomata and one with no palpable growth) on the side opposite to the original injection, and into 5 male control rats of the same age. Mammary carcinomata were produced in 4 of the 5 controls, as well as in all 4 of the rats containing the granulomata which had resulted from the cells continuously treated with salmon-sperm DNA. Interestingly, the lag periods exhibited in all 4 of the animals containing the granulomata were significantly shorter than those On the other hand, the possibility that some alterations were induced in the cells is indicated, since in the untreated cultures no cells were noted which contained 2 large metacentric chromosomes, whereas both of the treated cultures studied cytogenetically did contain many cells with 2 large metacentrics. It is of great interest that 5 of 12 rats showed no evidence of tumour growth (granulomata or carcinomata) after receiving the cells continuously treated by salmon-sperm DNA or their own cell debris, and these 5 rats now all have the capacity to reject the active, untreated cancer cells even on repeated injections. While an inbred strain of rat has been used we have failed, whatever the reasons, to produce carcinomata in 100% of the control rats after a single injection of the untreated, active cancer cells. However, the failure rate was only 8 % after a single injection, and was reduced to 4 %* after a second injection. The possibility, therefore, of finding by chance that 5 rats out of the 12 (i.e. 41-7 %), randomly selected, will not produce mammary carcinomata after multiple injections of the untreated, active cancer cells appears remote.
Indeed, it should be stressed that we have now shown that implants of small pieces of mammary carcinoma have been rejected in 4 of these rats (one died under anaesthesia). This is in marked contrast to control animals of similar ages in which large mammary carcinomata were produced, a situation customarily found in the many hundreds of control animals previously implanted.
